Until now, it remains unclear how to best use the histological subtype in clinical practice. This study aimed to compare differences in the efficacy of postoperative chemotherapy among different histological subtypes of colon adenocarcinomas. Using the Surveillance, Epidemiology, and End Results-Medicare database, 51,200 patients with stage II or III primary colon carcinomas who underwent resection for curative intent between 1992 and 2008 were included. The survival benefit was evaluated using a Cox proportional hazards model, interaction analyses, and propensity score-matched techniques. There was no significant difference in survival for low-risk stage II mucinous adenocarcinoma (MA) or nonmucinous adenocarcinoma (NMA) between 5-FU and oxaliplatintreated groups (P = 0.387 for MA, P = 0.629 for NMA). Patients with high-risk stage II NMA who received the oxaliplatin chemotherapy regimen had significantly improved cancer-specific survival (CSS) compared with the 5-FU group (P = 0.004), while those with MA saw no improvement (P = 0.690). For stage III tumors, patients with NMA who received the oxaliplatin chemotherapy regimen had significantly improved CSS compared with the 5-FU group (P < 0.001), while those with MA saw no improvement (P = 0.300). There were significant interactions between chemotherapy regimen and histological subtype. For patients with resected colon cancer who received 5-FU-based postoperative chemotherapy, oxaliplatin chemotherapy prolongs CSS for stage III and high-risk stage II NMA. Conversely, there was no similar improvement with addition of oxaliplatin for patients with stage III or stage II MA.
Introduction
The use of histological subtype as a classification system for colorectal cancer was introduced by the World Health Organization in 1979. Carcinomas are categorized as traditional adenocarcinomas, mucinous adenocarcinomas (MA), signet-ring cell carcinomas (SC), and other, more infrequent, types [1, 2] . MA is a histological subtype of colon cancer in which the neoplastic cells secrete extensive extracellular mucins that form more than 50% of the tumor volume [3] . SC tumors are comprised of more than 50% signet-ring cells in which the nucleus is pushed to the
ORIGINAL RESEARCH
The differences on efficacy of oxaliplatin in locally advanced colon cancer between mucinous and nonmucinous adenocarcinoma periphery by intracytoplasmic mucins of colon cancer [4] . This classification of histological subtype is routinely carried out during the postoperative pathological examination of colon cancer. However, how to this histological subtyping should best be used to aid in the clinical practice remains unclear.
In clinical practice, decision making regarding whether give or which regimen give adjuvant therapy to patients with stage II tumors remains controversial [5, 6] . For patients with stage III disease, although the preferred treatment options are FOLFOX or CapeOx, the side effects of oxaliplatin are indisputable. It has been reported that oxaliplatin might not be applicable for all patients, specifically the elderly population [7, 8] . Thus, it is important to find prognostic and predictive features to help assist with selecting appropriate and beneficial adjuvant therapy for patients considered. Histological subtype is not considered in the decision making for colon cancer adjuvant therapy in either the National Comprehensive Cancer Network (NCCN) [9] or the European Society for Medical Oncology (ESMO) [10] . In addition, no research has proposed that histological subtype could have an influence on chemotherapeutic effects in colorectal cancer patients. As for other types of cancer, Sugawa et al. [11] found a difference in chemotherapy effects between different histological subtypes in cervical cancer, and Itaya et al. [12] found histology-dependent differences of chemosensitivity in nonsmall cell lung cancer.
The aim of this study was to compare the efficacy of postoperative chemotherapy among different histological subtypes of colon cancer. We then tried to find the most suitable postoperative chemotherapy regimens for both major histological subtypes of colonic adenocarcinoma. 
Materials and Methods

Data source
This study was a retrospective analysis of data collected from the Surveillance, Epidemiology, and End Results (SEER)-Medicare linked database. This study was conducted in accordance with a SEER-Medicare data use agreement, and a study protocol approval was also granted by the First Hospital of China Medical University Institutional Review Board. SEER data contain information on patient demographics, tumor and disease characteristics, course of treatment, use of cancer-directed operative and medical therapy, survival, and cause of death for individuals diagnosed with cancer. It is a population-based cancer registry covering approximately 28% of the US population across several disparate geographic regions [13] . Medicare is the primary health insurer for approximately 97% of the US population aged ≥65 years [14] . The unmentioned details of the database appeared elsewhere [15] . Patients were selected who underwent primary tumor resection with likely curative intent within 180 days of diagnosis. The No-chemo group was designated as no claim of postoperative chemotherapy within 9 months after operation. The 5-FU group consisted of patients who only received 5-FU/capecitabine chemotherapy within 9 months of surgery. The oxaliplatin group comprised patients with any record of oxaliplatin plus 5-FU/capecitabine within 9 months of surgery. 
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Patients were eliminated from the study population if they (1) received any preoperative adjuvant treatment; (2) received postoperative radiotherapy; (3) had prior noncolon cancer; (4) had incomplete histological subtype or pathological stage entries; (5) died within 30 days after tumor resection; (6) had stage I or stage IV tumors; (7) histological subtype was signet-ring cell carcinoma, as this population represented too small a sample size (0.9%).
Variables
Subjects were categorized by age at diagnosis, year of diagnosis, gender, race, marital status, residence (rural or urban), median household income, level of education (percentage of people aged >25 years with <12 years of education), and the type of hospital in which they received care (teaching or nonteaching). To control for the effects of comorbidities, analyses were adjusted by the Centers for Medicare and Medicaid Services Hierarchical Condition Category (HCC) based on Medicare outpatient and inpatient claims for miscellaneous comorbidities within the 12 months before colon cancer diagnosis. The HCC risk score summarizes the healthcare problems and forecasts the future healthcare cost of a population compared with the average Medicare beneficiary [16] .
Postoperative pathological stage was designated via the seventh edition of the Union for International Cancer Control (UICC) tumor-node-metastasis (TNM) staging system [17] . Other covariates included histological grade, histological subtype, intestinal obstruction, intestinal perforation, and the number of lymph nodes examined.
Statistical analysis
The chi-square test was used to compare demographics and tumor characteristics between the different groups. In the univariate survival analysis, cancer-specific survival (CSS) was analyzed by the Kaplan-Meier method. Comparison of survival curves was carried out using the log-rank test. Because treatment choice estimates are likely confounded by factors related to treatment selection, a propensity score (PS)-matched analysis was performed to compare the effect of treatment on survival among patients of similar risk profiles as assessed by measured known confounders [18, 19] . Propensity score matching is a statistical procedure for reducing this bias by assembling a sample in which confounding factors are balanced between treatment groups. Univariate logistic regression was used to find factors related to treatment selection (P < 0.05). Multivariate logistic regression was used to estimate the propensity scores in each group (Table 1) . The propensity score-matched sample would then be constructed using 
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"psmatch2" software package in STATA 14.0. A Cox proportional hazards model was also used in the adjusted analysis. The covariates included all variables that were identified to be significantly related to survival in the univariate analysis.
All statistical analyses and graphics were performed using SAS 9.4 (SAS Institute, Cary, NC), STATA 14.0 software (STATA, College Station, TX), and PASW Statistics 20.0 software (SPSS, Inc., Somers, NY). For all analyses, a P value < 0.05 was considered statistically significant.
Results
Patient characteristics
Selected 51,200 individuals were stratified into two analysis groups: NMA (n = 43,998) and MA (n = 7202). Demographic characteristics of patients are depicted in Table 2 . Compared with NMA, MA was more common in women (P < 0.001), individuals aged >80 years (P = 0.018), year at diagnosis before 2004 (P < 0.001), well histological grade (P < 0.001), T1-T3 category (P < 0.001), N2 category (P < 0.001), nonintestinal obstruction (P < 0.001), number of examined lymph nodes ≥12 (P < 0.001), white race (P < 0.001), widowed (P = 0.006). Stage II patients were further divided into low-risk stage II and high-risk stage II groups. We designated the cohort of patients with high-risk stage II using features of poor prognosis referred to in the NCCN [9] , including T4 tumors, poorly differentiated histology, bowel obstruction, bowel perforation, and inadequate sampled nodes (<12 lymph nodes). The number of patients and the results of each analysis and treatment chemotherapy effect analysis are summarized in Table 3 .
CSS in low-risk stage II adenocarcinoma
There was a significant difference in survival for NMA patients with low-risk stage II cancer between the nochemo and 5-FU groups (P = 0.002, Fig. 1A ), while those with MA saw no difference (P = 0.775, Fig. 1B ). There was no significant difference in NMA and MA patients 
with low-risk stage II cancer between the 5-FU and oxaliplatin groups (Fig. 1C and D) .
A PS-matched cohort was generated using related variables which may interfere with the chemotherapy decision ( Table 1 ). The aforementioned general results were recalculated in the PS-match cohorts. There was no significant difference in survival for patients with low-risk stage II NMA between the no-chemo and 5-FU groups (P = 0.629, Fig. 1E ), while those with MA again saw no difference (P = 0.387, Fig. 1F ). Another PS-matched cohort was generated using related variables which may interfere with the choice of chemotherapy regimen. However, its sample size is too small to recalculate aforementioned results.
CSS in high-risk stage II adenocarcinoma
There was a significant difference in survival for patients with high-risk stage II NMA between the no-chemo and 5-FU groups (P < 0.001, Fig. 2A ), while those with MA again saw a difference (P = 0.011, Fig. 2B ). Patients with NMA who received the oxaliplatin chemotherapy regimen had significantly improved CSS (P = 0.002, Fig. 2C ) compared with the 5-FU group, while those with MA saw no improvement (P = 0.649, Fig. 2D ).
Then, we used the PS-match cohorts to recalculate the aforementioned general results. There was no significant difference in survival for patients with high-risk stage II NMA between the no-chemo and 5-FU groups (P = 0.961, Fig. 3A ), while those with MA again saw no difference (P = 0.754, Fig. 3B ). Patients with NMA who received the oxaliplatin chemotherapy regimen had significantly improved CSS (P = 0.004, Fig. 3C ) compared with the 5-FU group, while those with MA saw no improvement (P = 0.690, Fig. 3D ). This result was also verified by a Cox proportional hazards model (Table 4 and 5 ).
An interaction analysis was performed between chemotherapy regimen (5-FU or oxaliplatin) and histological type for patients with high-risk stage II adenocarcinoma. No significant interaction effects were found in the test (P = 0.750).
CSS in stage III adenocarcinoma
The prognosis for patients with stage III NMA in the no-chemo group was significantly worse than the 5-FU group (P < 0.001, Fig. 4A ). Similar results were also found for MA patients (P < 0.001, Fig. 4B ). Patients with NMA who received the oxaliplatin chemotherapy regimen had significantly improved CSS (P < 0.001, Fig. 4C ) compared with the 5-FU group. Likewise, we found a survival benefit for patients with stage III MA receiving oxaliplatin compared to the 5-FU group (P = 0.023, Fig. 4D ).
The aforementioned results were recalculated in the PSmatched cohorts. 
NMA in the no-chemo group was significantly worse than in the 5-FU group (P < 0.001, Fig. 5A ). Similar results were also seen for MA patients (P < 0.001, Fig. 5B ). Patients with NMA who received the oxaliplatin chemotherapy regimen had significantly improved CSS (P < 0.001, Fig. 5C ) compared with the 5-FU group. However, we did not find a similar survival benefit for patients with stage III MA between the oxaliplatin and 5-FU groups (P = 0.300, Fig. 5D ). This result was also verified by a Cox proportional hazards model (Table 5 and 6 ). The result of the interaction analysis showed that there was a significant interaction effect seen in the test (P = 0.040).
FOLFOX versus CapeOx
We found no difference in survival between the FOLFOX and CapeOx group for NMA (HR: 0.817, 95% CI: 0.190-3.518, P = 0.786) and MA (HR: 0.042, 95% CI: 0.001-92710.202, P = 0.512) in high-risk stage II patients. Similar results were found for NMA (HR: 1.128, 95% CI: 0.750-1.695, P = 0.562) and MA (HR: 0.746, 95% CI: 0.234-2.382, P = 0.618) in stage III patients. Detailed information is shown in Table 7 .
Discussion
Mucinous adenocarcinoma is a relatively common histological subtype of colon adenocarcinoma, yet the clinical significance of its histological designation remains unclear. The rate of MA was 14.1% in our study and 20-30% in previous studies [20, 21] . Moreover, other studies reported that MA occurred in 10-20% cases of colon cancer [22, 23] . The reason may be that the definition of MA has not been consistent across studies [24] . In our study, MA was defined according to the MORPHOLOGY CODE of SEER (ICD-O-3: 8480). Most previous studies demonstrated worse survival in MA patients compared with NMA [25, 26] . However, this is contradicted by other research [22] . MA is more often discovered in the proximal colon [27] , and in females [23] , and it generally has a more advanced stage at presentation [27] . Whether MA should be considered as an independent prognostic factor is still controversial. To the best of our knowledge, there is no difference in treatment prescribed between NMA and MA. At present, the main treatment for locally advanced colon cancer is curative resection plus chemotherapy.
Most of the benefit of postoperative chemotherapy is reported in the patients with stage III disease. The benefit of chemotherapy for stage II disease is very controversial. In our study, there was no significant difference in survival for NMA and MA patients with stage II cancer between the no-chemo and 5-FU groups. For patients with stage III, adjuvant chemotherapy after primary surgical treatment is usually recommended [28] . As would be expected, we found a survival benefit for MA and NMA patients with stage III receiving 5-FU compared to the no-chemo group.
Oxaliplatin is a platinum analogue that blocks DNA replication and transcription. It has been permitted in the European Union since 1999 and in the United States since 2002 [29, 30] . FOLFOX had proven to be highly efficient in treatment of gastrointestinal cancer, which had enabled significant progress in clinical oncology in recent years [31] . Studies have found that the 10-year OS of patients with stage III disease receiving FOLFOX was significantly increased compared with those receiving 5-FU alone [32] . However, oxaliplatin causes severe side effects which should not be ignored. These include peripheral neuropathy and gastrointestinal side effects. The primary safety concern with oxaliplatin use is peripheral neuropathy, a cumulative dose-related toxicity which affects 90% of all treated patients [33] . Incidence of grade 3 peripheral sensory neuropathy was 12.4% for patients receiving FOLFOX and only 0.2% for patients receiving 5-FU. Moreover, Andre et al. [34] found that neuropathy was still present in 15.4% of examined patients at 4 years post-treatment, suggesting that oxaliplatin-induced neuropathy may not be completely reversible in some patients.
It is quite important to identify which patients could optimally benefit from oxaliplatin treatment. This study found that patients with locally advanced colon cancer whose histological type is NMA can benefit from oxaliplatin, while those with MA cannot. We compared the prognosis of patients stratified by histological type between the 5-FU and oxaliplatin groups. We found that in stage III and high-risk stage II MA, adding oxaliplatin to 5-FU in the adjuvant setting did not prolong CSS. On the contrary, the oxaliplatin regimen improved CSS in NMA patients compared with the 5-FU regimen. The results of the PS-match and Cox proportional hazards models in high-risk stage II and stage III patients confirmed these findings, as do the results of the interaction analysis in stage III patients. Moreover, there were a relatively small number of patients in subgroup analyses, and therefore, more studies with a larger sample size are necessary.
In spite of this, we still could not clearly define a reason for our findings. However, we elaborated upon this phenomenon to provide some preliminary data for markers identifying the efficiency of oxaliplatin in MA, and it is important to continue researching its specific mechanism in future studies.
Our findings should be interpreted in the context of several limitations. The information on perineural, vascular, and lymphatic invasion was not available in the SEER-Medicare database. To the best of our best knowledge, no studies to date evaluated the impact of perineural, vascular, and lymphatic invasion on the sensitivity of oxaliplatin, and no definite conclusions could be made because of limited data. Therefore, more studies are necessary to address this problem more conclusively.
The nonavailability of the microsatellite instability (MSI) status in the SEER-Medicare database was a major limitation. It was reported that 27% of MA patients were in MSI-H status and only 12% of NMA patients were in the MSI-H status [35] . In addition, Kim reported the prognosis of MA associated with the MSI-H status [36] . It is well known that patients with MSI-H stage II colon cancer do not benefit from 5-FU therapy in survival [9] . In contrast, whether the MSI status can affect FOLFOX efficacy in stage III patients remains controversial. A previous study found no difference between pMMR and dMMR in survival of patients with stage III colon cancer undergoing FOLFOX adjuvant chemotherapy [37] . In contrast, another study indicated that survival was significantly higher in patients undergoing FOLFOX with dMMR tumors compared to those with pMMR tumors [38] . Whether the MSI status interacted with the influence of MA on the efficacy of FOLFOX needs to be better studied.
In addition, few patients were aged <65 years at the time of diagnosis in our study (3.2%), which may limit the application of these findings to younger patients with colon cancer. It was reported that the efficacy of oxaliplatin was poor for older adults [8] . Therefore, we took age into account when recruiting the population for the PS-Match analysis. Moreover, it could be also a major confounding point, in that MSI and mucinous patients seem more frequent in older population. Since that, it is important to continue researching this problem in future studies.
Finally, although both a PS-matched technique and a Cox proportional hazards model were used to eliminate known relevant confounders, the potential for confounding based on patients selection could not be eliminated completely, as it was a retrospective exploratory study. Further prospective study was needed to verify our findings in future.
In summary, for patients with resected colon cancer who received 5-FU-based postoperative chemotherapy, oxaliplatin chemotherapy prolongs CSS for patients with stage III and high-risk stage II NMA. Conversely, adding oxaliplatin to 5-FU in postoperative chemotherapy did not improve CSS for patients with stage III or high-risk stage II MA. 
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